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of Korea, Seoul, Korea

ABSTRACT

Background: Carcinoembtyonic antigen (CEA) is well-known soluble tumor marker
frequently detectable in peripheral blood of carcinoma patients and considered as good
target for antigen-specific immunotherapy. However, it is known that the induction of
immune response to CEA is very difficult because CEA is a self-antigen exptessed in
fetal cells and weakly expressed in normal colorectal epithelial cells. To enhance anti-tu-
mor immunity specific for CEA, recombinant CEA protein was modified using lis-
teriolysin O (LLO) for endosomal lysis and transactivator of transcription (Tat) domain
for transducing extracellular proteins into cytoplasm. Methods: After immunization
using dendritic cells pulsed with Tat-CEA, both Tat-CEA and LLO, and both Tat-CEA
and Tat-LLO, antibody dter to CEA and LLO, cytotoxic T lymphocyte activity and
the frequency of IFN-7 producing T lymphocytes wete measured. Results: Immu-
nization using DC pulsed with both Tat-CEA and Tat-LLO protein showed the
incteasement of production of CEA-specific antibody in serum, cytotoxic T lymphocyte
activity, the frequency of IFN- 7 secreting T cells, compared with DC pulsed with both
Tat-CEA and LLO. Furthermore the rato of CD8" T cell to CD4" T cell among
CEA-specific T cells was incteased in group pulsed with both Tat-CEA and Tat-LLO.
Conclusion: These results suggested that DC vaccine using Tat-LLO could be used
for the development of effective immunotherapy for the treatment of tumor. (Immune
Network 2005;5(3):172-178)

Key Words: Carcinoembryonic antigen (CEA), listeriolysin O (LLO), transactivator of
transcription (Tat), dendritic cell (DC), cytotoxic 'I' lymphocyte (CTL)

|

2 ANE Ao Basw glrk)),
2 A% YUY EHoE A

& o
=

olo
ot

—_

YA BUF, AAEuIa ol sohet vy S

83 YFF w3 27] ATl
1

ﬂ—glv(—)—ttLCE %0 o 1l OO
CEAE Zdsle Alzg w4l vlo]|HAE o] §3lo

T

137701, A$A] 2T UL 5054 %) CEA°) o] A Q] H|BA W Jut-5-3} A|EA] Hguh-S-&

Tel: 02-590-1216, Fax: 02-3476-7355 F538to 23 CEAE uhesl= ZokA| Lol tsto] Hlo]

E-mail: kimtg@ catholic.ac.kr oul.o o 21l SLZ ok 1 o3 o =

£ Q7 BRAI1ER10004 AL AEAgEA L HAES S AR, FFF W Wl T

W5 200410701)9] 0] Aol oeto] G359l L. 23 A% sl CD8” AEEA T AMECDS" cyio-
172

Immune Network



toxic T lymphocytes; CTLYE fr%38}7] a4l MHC
class 1 70l 8}2lo] A=) 24o] YA olrt ol
gk AL AEZ e gl o] Large multifunctional
proteasome (LMP)el| 2] &} ] 2} %]o] Transporter associated
with antigen processing (TAP) Tt A ol] o]} 4 F 4| (En-
doplasmic reticulum; ER)E o] =&}o] MHC class I ¥-x}-9}
ZA%kE] 51, FA H(Golgi apparatus)S 73 -G3to] AExH
ol AAEE FPez o] FoZrk(3).

sle SRS 18 MHC class 1 2ol AX87] 9]
3l HIV (Human immunodeficiency virus)2] W o} Z4]-&
2Aske A o] Q) Tat thi A o AxA ) A
o] Z&3lE 490014 57 #7](YGRKKRRQRRR)7}
o §5 5 glef. AE 2 A Tat gl AL o7 4
#3712 G A A ot AlE ol A] cheid
3 HAS A LZA WellA] MHC class 1 22-9} gt
sho] A|E FTHOZ AN E = Aoz A 3lem@d,s),
o|#] 3}k E2-2 MHC class I E2}ol] #A|gks CTL wodul
$% #Ee] Aal 0189 4 98 Aoz Azarh
el 2T o] 3) Tat bl A o] 43S ehela] T3}
v QAN RaEa gl agdA dhelelolel
Listeria monocytogenes-2 22150l A $ellx] = AlFos
hly FRAAE £33l hly §2A7F YA sl Listerio-
lysin O (LLO)& A Q) 3K oll A 34 &4 & viebln
(6-8), Ztoll 7H & WHEol FIto gy P A&
AZA N=Z o] FAA &Aoo Z MHC class 1 F-2}ol]
o3 A AAT} T Aew FHA AUe).

2 ATolAE 9 So TAEE AgY ol A%
g ohueh Al ol AR BA5 A Ee HA5g
AT FEE AR HAE T I FALAE
off chilA &Ao] AE ) AS =o]3 MHC class I
BAERY FEF F7M4717] Yo Tat-CEA whiA s}
TatLLO 5hi4 & Aol 72heto] CEASl So] 4 ¢l
52 F7H7174 ek

R

Tat-CEA &3 AR =52, HIV §AAE s
= pNL4-3 HIV plasmidol] 4] Tat FAAE ZZ3]7] Y3}
of t}&29] primerE o]£8}9it}t. Sense primer 5°-GCA
TAGATCTGATGTGTTTCATGACAAAAGCCT-3’,
antisense primer 5’-CGTAGGATCCGATTGCT TTGATA
GAGAAGCTTG-3’ 2. & ZZ% FHA A& 1% agaro-
se gelol| A A 7] of Fslo] #2l4}98at, Gel extraction kit
(Qiagen)E o]-&8}od HIV-1 transactivator of transcription
(Tat) FAZE Agirt. CEA $-H A+ primer (sense 5'-
GACTTTTTAACACAGAATTGGG-3’, antisense primer 5’-
CCTTGTGCCCATGGAACACAGAC-3")E o] &3lo] Agr
At Lok M E20) LOVO A EZ(ATCCH CCL- 229) 2
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HE] 2g)5 DNAOA] PCRH 0.2 2519 7(10), CEA
(103-405 bp)2] =w|e) NE-E-2- primer (sense 5’-GTCCT
CGAGATGAAGCTCACTATTGAATCC-3’, antisense 5°-G
ACCTCGAGAGTTGCTITCTT CATTCAC-3")& o]&3lo]
ZZ3l9ch PCRE ZZ3} Tat FAAE Nde 13 Xho
102 A2 ¥ Zd3t AlgtaL g x|t pET15b plas-
mid (Novagen)ol] 4+] 8k &, =5 CEAE Xho [ A&}
ol e 319t 22 B A2E plasmidE pET15b-
Tat-CEAZ} ®HHl&licth

LLO SAAS} Tat-LLO g3 $AAe =24, HIV
SRS E8sL= pNL4-3 HIV plasmidol] 4 9J9} 7+
primerZ Ab-&-8lo] PCRY o2 %310 HIV-1 transacti-
vator of transcription (Tat) A 2}+E 49} LLO -4 Ak
%= Listeria monocytogene (KCTC #3710) #5325 chro-
mosomal DNA (Bioneen) & <3-2 2. Hly -5 A}2] signal
peptide H-E-& A|¢|sta PEST F-5-& primer (sense
primer 5°-CGGGACTCGAGATGGATGCATCCTGCATTC
AATAA-3’, antisense primer 5’-TATGGATCCTTATTCG
ATTGGATTATCTAC-3")E o] &8}o] PCRYH O E ZE3
Arh(11,12). ZZ3 Tat $H 22 Nde 13} Xho [0 8 A
23t £ =3 At E L E X 2]g pET15b plasmid vec-
tor (Novagen)ol] ZZ¥Jslod pET15b-Tato]2} =&}
t}. A2 pET15b-Tat-g thA] Xho 13} Bam HIS.Z 2]
s}al LLO F A2 4Fiste] Tat-LLOZF AFE A 23
pET15b plasmid vector®} LLO - #}ut 4Fq1% pET15b
plasmid vectorZ ZLZ1ds}o] pET15b-Tat-LLO 1|3l
pET15b-LLOT} ®wabgich.

dAFE 0] 831 Tat-CEA, LLO, Tat-LLO g% <
Ao Wy gl AA. m2dd FA4E =903 oA
< LBuAol] HFslod 37°C wiokzellA] 600 nm F34
7} 05~0.7¢] 2 wizbA] wiokdt 3(10,12), #F F57}
1.5 mMo| ¥ %.-& iospropyl- S-thiogalactoside (IPTG, Bio-
rad) S d7Fgel. 283l A0 g AEE E3fsla His-
Tag$} Ni-NTA (Qiagen) A¥g o] &3lod B A F(13),
Slide-A-Lyzer Dialysis Cassette (Pierce)& o] &3l 43}
o] Bradford method™] .2 A=kl tl(14).

Western blotting. %1 7] -2 o] &3l 12.5% polyacrylamide
SDS-gelAtoll 4] ghulA-S- Bg]sl3l coomassie blueZ <3
Ashe] Be|d okl A8 4°CollA] 1A]7F 59F 90 Vel A
2 o 2 nitrocellulose THO. & &AH Srh(Biorad). 22 Tris-
buffered saline (TBS)7} 85 5% BAEFZ A-2ollA
217k vk v Eo]H el uh-g-& whopgErt. 1wk TBS7E £
%) 5% A 292 8}-His g4 (IG therapy)E 1 : 1,000
o7 FAste] AgolA 2417k ub wHEAJZIth TBS
(Tris-buffered saline) plus 5% tween 20 (TBS-T)& 3 A%
% 22} 8)#|9) HRP-linked sheep anti-mouse IgG (Amersham
biosciences)E TBS7} 8+ 5% A E-frol 12,0002

=t
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3| Asto] 147} FQE AollA] wh-&A1Z]e} TBS-TZ 5
H A & ECL (Amersham biosciences) £H4-& o] 83} o]
WA

LLO%} Tat-LLO sh#lAde] =¥ L34l (hemolytic
activity) 4. A A5l LLO, Tat-LLO gluiA o] 2o
LLO, Tat-LLO ¥hAS 0.1% (wjv) <83 chad A (Sig-
ma)o] FJHH QA LA (pH 5.5)0] 1 mlo] H 5% 2

A8k &, 0.5 ml A A ¥ H(2.5% hematocrite)Z Ho]F
¥, 458 52 37°C mioF7| oA wh-S-A1 71} 1,700 goll A
S5E7F A4 el & Aol o g ELISA reader (Molecular
Devices, Sunyale, CA, USA)E o]-£3)] 450 nmol|4] &=}
=& FAs%H12).

A FAGAE] WS FAZAE WA 68
28 o}z C57BLI6 nh-S2A(H-2b, 98] 9lE, A7) % 7153,
G20 ohe Z3k ABOA | ml 2SS ol gohe] 2
T AZE AUk Y FollA] nylon meshE 53l
A AEZE HE & AL E Tris-buffer 0.15 M ammoni-
um chloride (pH 7.2)2 L8 A7) 31 o} A FELE he-
mocytometerol] 4 AlAFsld el 10 ng/ml A 23 wp-$-2
GM-CSF (Pierce Endogen, Rockford, IL, USA)®} 10 ng/ml
9] A =3t vh$-4 IL-4 (Pierce Endogen)7} ¥3+% RPMI
1,640 (GibcoBRL) wjR]olj 4] o}& 7+A o & 797} uljoks

of Y5etgiet. 1 & FAGANEL A5e FE3l7] 9
sto] 7Yl 1 pg/ml 5 X9 lipopolysaccharide (L-4516,
Sigma)ZE A 7}shed 2441 7F o wiokstgi et CSTBLY6 vf-$-
2|4 SEl FAAANE 1x10°0ol] Tat-CEA, Tat-
CEA®} LLO, Tat-CEA9} Tat-LLO iz S 0.1 uM %
£ 37°C, 5% CO, mjok7 ol A 2417 2R 7] 3, 48417
37°C, 5% CO, 7)ol 4] wiokdt 3, Q1Ask3-&-H(pH
7.4)2.2 23] S48 018 7 TFGke) vhs2e) oo}
Zoll FASIAE 2T uhg2olA falE AL
AZgks 3 Foll UGk IFY o= 33
WA 712 79 F vlg-29] vAAEE Eesldct

ELISA. CEA 14 A& Z4317] 9130 96-well EIA
plates (costar 3590)0l] A= CEA ¥hiA 10 pg2 4°Col|
A 24X 7F 9E-E A Zi k. Q1 AHgkE-2-9H/0.05% (v/v) Tween
200.% 3 AH ¥, 3% EuF o] 23y Qs
FEAo g FolA] 24 7F 53t v] BolHel Ahs
RS 1% (viv) S8l Z/0.05% (viv) Tween 2088
ol 1:40002 FA2 34 sto] ol 2417k HH-&-A]
)30 Q1A= 8-90/0.05% (v/v) Tween 200.8 38 A4
%, HRP-linked sheep anti-mouse 1gGZ 1% (v/v) S-Sk
WA /0.05% (vfv) Tween 200]] 1 : 4,0002. 2 3] A3}o] A&
oA 1A ZE WA ATt 1A 5-8-4/0.05% (v/v) Tween
200.& 39 A% %, TMB substrate (Endogen)®. 203}
o] ELISA reader (Molecular Devices, Sunyale, CA, USA)
£ o] &3l 450 mmol|q FAEE FAsH

CEA-50] T AJZF2] A|¥ 435 4. CEAE 4d
3o oh2 A EF AEFQ MC38/CEA2 (The
murine colon cancer MC38/CEA2 was kindly provided by
Dr. Schlom J, Division of tumor immunology and biology,
National Cancer Institute, USA)¥= 10% S-eljo} & A (fetal
bovine serum, FBS, GibcoBRL, Gaithersburg, MD, USA)3}
2 mM L-glutamine (GibcoBRL), 100 Ujml penicillin, 100
wg/ml streptomycin (GibcoBRL)e] 39 DMEM (Gibco
BRL)#|A| & o] &3lo] 37°C, 5% CO, vioF7] ol A ufFs}
At

A A 7] upg-2oll A B2lg B A EE 4% parafor-
maldehyde7} £33 Q1AFkEEoHo 2 347 MC38/
CEA2 A|EFoll A4 ol A 20 U/mle] IL-2 (Interleu-
kin-2; Genzyme)Z A 7}slo] 597k wjof 3 MC38/CEA2
o} MC385 A AEE o] §3lo] CEA 5ol AI£FA T
AE WA5S 24k EHAMEE 100 Ci *'Cr/s x
10° A Z2 9087 EA8 th-& 43] 541 F 10% S-ello}
o] L35 RPMI 1640 wiA]of] F-f5ke] V-3 2| 9%6-
well ujokzol] 1x10%well EEE HEs}3 AP ol
A ks T AIZFE v E ket gz
1,500 rpmof] 4] 108 YA HAAZ] & 37°C, 5% CO;
wk 7)ol A 4X) 2k whekst &, 100 ul9] A VL A8t
o] y-counter (Packard, Meriden, CT, USA)E- o] -&3}o] 1}
A Fe FAslT o] AL o] &3te] AE A
BEE F54590H23,.24).

% specific release (SR) =

Experimental release —spontaneous release % 100

Maximal release — spontaneous release

Experimental release: XA M X9 AEFA T A|EE
A wlekslo] A2 gk

spontaneous release: B Z|uF o & ujokE A A FolA
a2

Maximal release: 1% Triton X-1002 d7}slo] nfokst
FAAZANA A2 3
ELISPOTS} ELISA A A IFN-y A TYZTF £ &
Asl7] 98t ELISPOTS 4R A A o] CEA-RNA (Pro-
mega RiboMAX™ Large scale RNA production system-T7)
20 pg & 250 V A7|1FA 02 AFsted 3 AAAIE
22 Agslglar, CD4" THES}F CDS™ TAHIZS] w8
TFEslod ZA37] 93 W FYUE vhe29 vlAA
g HeEl¥ld AHEFE A Mini and
MidiMACs™ starting kitsE& ©]-&3lo] CD4™ TAH|E9}
CD8' THIEE B3l tHMACs). CEA-RNA R 7H2aHs)
FAGALY BZALE Egslo] 1x10/well FE
sokzoll HE3 X 37°C, 5% CO, wokr]ol| A 2447
vhe A, ol Akl 2-Mi0.05% (vfv) Tween 2092 3
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Figure 1. Schematic map of recombinant plasmid and expression of LLO, Tat-LLO, Tat-CEA in E. w/h. (A) Map of recombinant
plasmid for expression LLO, Tat-LLO, Tat-CEA in E. wi. (B) Immunoblot of purified LLO, Tat-LLO and Tat-CEA protein were

detected with an anti-His antibody.

3 A# & 2 pg/ml biotinylate7} 22+%l 3 IFN-y 3HA)|
£ rlslo] ALolA 2402 WS ALk 431 Al o
< avidin/alkaline phosphataseZ- 7}l Al.2ol] 4] 30E
RS A7 & vk Alste] ZF well® spot=Z- ELISPOT reader
(AID, Strassberg, Germany)E- o]-8-slo] ZAsl9]c}. vljok
ALx B 9] IFN- 7 & 2487 94 2 189 1x10°9]
B A ZE MC38/CEA29] 5U 7 A-F A7) & 1 Aol
© & ELISA (Biosource)E A|38s}9lt}h(15).

4 a

Aze Gl F vls gl Tat-LLOY LLO9 £3d%5 =
A, LLO whA 7} Tat-LLO 3 shilA -8 A7) 9
&) A)=3t pET15b-LLO, pET15b-Tat-LLO 12|31 pET15b-
Tat-CEAE wlelg]o} #39] BL21ol| & £9)3ko] Ni-
NTA column (Qiagen) 2 2 A Asl 3} HIS 3HA & o] &
&lod western blotting © & LLO%} Tat-LLOY= Z+2Z+ 55 kDa
%} 56 kDa L&) 3. Tat-CEAY= 15 kDao. 2 whel & #ols}
31, 1 L} Tat-CEA AL 2 mg, LLO gk A L 23
mg, Tat-LLO whafA 2 1.7 mgo| AJibs lrk(Fig. 1). A
ARl LLOS} Tat-LLO ©hel A o] S84 &4 3Ql3] Y]
28 2.5% hematocrite A A& o] E=EH & g2l &
HH-& A1 71tk LLOE 100 ng/mlefl 4] Tat-LLO+ 10 ng/ml
oll4] 1 HU (HU: hemolytic units)& 2.9l3L o] Az} A4
¥ LLO gludz 9] 438 & 3LA L zlolxlg) o Tato] &
&% LLO xhi A o] Tato] FQEW o2 A W) &
d5o] ESkhFig. 2).
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Figure 2. The hemolytic activity of the recombinant LLO and
Tat-LLO protein. Serial ten fold dilutions of each LLO proteins
were tested on human red blood cells (hRBCs) at pH 5.5. The
optical absorbance of the released hemoglobin read 541 nm was
related to 100% hRBCs. A: LLO protein, O: Tat-LLO protein.

FAZAEL WAl 93 CEA 9 LLO 5of A
X, Tat-CEA, LLO, Tat-LLOE ZFAEAI) SR AFA Fo|
ogt W oo} LLOS} Tat-LLO 53 %ﬁ“é‘oﬂ ] 3
CEA o] W dut-go] ojH A Wzt=] &4 &lstart
WA vpg-2o Ao ELISAE 31¢ich LLO%
Tat-CEA 7+2F =2 AFA E wlod A& o] vlel Tat-LLO
9} Tat-CEA 7b2 S| AN E wo] Al Fof ulst §3
=7} 2715 9 ek <0.05)(Fig. 3).

CEA Eo| AEA wlods FA4. W7 uh-f-2ofl A
B2g n|AAEE AgT HE MC38/CEA2 A EFo]
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Figure 3. Detection of antibodies specific for CEA and LLO by ELISA (Enzyme linked immunosorbent assay). Mice

were immunized with 1X 10° DCs pulsed with Tat-CEA, both Tat-CEA and ILO, and both Tat-CEA and Tat-LLO. Mice
immunized with PBS and mock DC used as controls. Two weeks after the final immunization mice were bleed and serum

was tested. Data shown as mean O.D (+8D) of immunization group (n=5 per group). (A) Tat-CEA specific antibody.

(B) LLO specific antibody. *Statistically significant at p<0.05 using a paited student's t-test compared with

all other groups.
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Figure 4. Detection of CEA specific cellular immunity. Mice were immunized with 1 X 10° DCs pulsed with Tat-CEA, both Tat-CEA
and LLO, and both Tat-CEA and Tat-LLO. Mice immunized with PBS and mock DC used as controls. (A) CEA-specific cytolytic
activity was measured by *'Cr release assay. *'Cr-labeled target cells were incubated at 37°C with effector cells at different ratio. (B)
Fixed MC38/CEA2 were co-cultured with mouse spleen cells for 5 days. Culture supernatant wete collected and assayed for IFN-y
by ELISA. Data shown as mean O.D (+SD) of immunization group (n=5 per group). +: PBS, O: mock DC; B Tat-CEA/DC,
A: Tat-CEA and LLO/DC, &: Tat-CEA and Tat-LLO/DC. *Statistically significant at p <0.05 using a paired student’s t-test compared

with all other groups.

Al @ el A zh5ste] 5UZF ok &, MC38/CEA29}
MC38% FHAELZ o|&slo] CEA Eo] AZEA TA)
T W 5& F48l3 k. MC38/CEA2E ZAMNEE o
S AP TN = SANR T DCSY Q1 AH2k38 o))
A AEFAo] Ho|x ¢kgkor}, LLO9} Tat-CEA 7H2+
TFAZANZE W FUNHE g ALEHL 2%
(E : T=40 : 1)©] 3L, Tat-LLO®} Tat-CEA 7+2+ =2 AF 4|

WY FYAR S W) AEEAHL65% (E:T=40: 1)
2 Tat-LLOS} Tat-CEA 72 SR AAZ 2 mo] 914
Re W] CEA o] AE B4 T AE WA 50| Z7}5]
A rHFig. 4A). T3 A H T ol A 5Y7F A3 AN
o FE& £4¢ A3} LLOS} Tat-CEA 73 21444
el AgFHrt Tat-LLOS} Tat-CEA 742 522444
W AgFoll A9 IFN-y A4 o] 27152 2lslg]

bl
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Figure 5. Frequencies of TFN- 7 secreting CD4" and CD8™ T
cells specific for CEA. The spleen cells of mice immunized with
DCs pulsed with Tat-CEA, both Tat-CEA and LLO, and both
Tat-CEA and Tat-LLO. DCs pulsed with CEA-RNA was used
as target cells. These spots were counted as described in the
material and method. [_]: CD4" T cell with CEA-RNA/DC, K:
CD8" T cell with CEA-RNA/DC.

th(p <0.05)(Fig. 4B).

CEA Eo] CD4" 9 CD8' T AE WAL u[z.
Tat-CEAS} Tat-LLO 53 thiA 2 7H2MAF] 2 44
Foll o AFA WG ukge) $E71CD 8 TAER
o] W uk3-9lA Fglelr] A WAA T vh-Lof| A
£2]3 0|4 A £ Z CEA-RNAR A7 SALA TR
AlE T Woll A AF3ke] IFN-y wd B ZF e
ZAs19ch Tat-CEA 742 A A W] A7
LLOS} Tat-CEA 7+ FAAAE W AgFol|A= 2
I CEA 0] CD4" T A|E57} CD8' T A|Z5H ) =
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WFAlA ) T W Fok 4 SR =2
A} 2 254 ofnlnat HEo] v ZAlsk @
w4 wral o] BAe WolA =2 CEA i8S v

ol N, 1, 2, 32.8 VY5 2 F &4 Fiol A
N Euf|elg vl 2 widislo] A Alstlow 71Ee] o
2 oA el NIt A3 F3ste] diddol of
Y1 Puchia Pastorisoll Al r A 2 A8} el(17,18). Tat
a2 HIVE] 24 chulzl o] g0 2 A e| ShA o
] HIVoll Zkq sl Al Eoll Aolxlo] FF FA7e Ud
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